Obesity is a well-accepted cardiovascular risk factor associated with hypertension and hyperlipidaemia. A body mass index (BMI) within the range of 18.5-25 kg/m 2 is considered normal. To prevent cardiovascular diseases regular physical activity and abstinence from smoking are strongly recommended. Since it is not evident that a lower optimal threshold exists concerning cardiovascular risk factors if other lifestyle conditions are apparently optimised, we studied the relation between BMI and vascular risk factors in 3127 hyperhealthy Caucasian males. They were aged between 18 and 23 y, were nonsmokers, without regular alcohol intake, and had at least 3 h of sports activity per week. Their BMI was below 25 kg/m 2 . Low BMI revealed to be significantly associated with high physical fitness, low blood pressure, and low serum lipids. The lower the BMI was, the more favourable these parameters were. Thus, the threshold for an optimal BMI concerning cardiovascular risk factors might be far below 25 kg/m 2 even if other lifestyle conditions are apparently optimal.
Introduction
Obesity is a substantial problem in the western world with increasing prevalence. 1, 2 Overweight is defined as a body mass index (BMI) of greater than 25 kg/m 2 and obesity as a BMI of greater than 30 kg/m 2 . BMI below 18.5 kg/m 2 is defined as underweight. 3 Hypertension and hyperlipidaemia are well-recognised cardiovascular risk factors 4, 5 related to overweight and obesity. Moreover, sedentary lifestyle and smoking habits influence the cardiovascular risk profile. It is not certain whether an optimal range for the BMI concerning the cardiovascular risk profile exists within the commonly accepted 'normal' range of 18.5 and 25 kg/m 2 , if other conditions are apparently 'optimal' (no tobacco use, no alcohol abuse, high physical activity). The aim of this study was to determine the relation of BMI on blood pressure and serum lipids in a population of young men with a normal BMI and a seemingly optimal lifestyle (no smoking, no regular alcohol intake, high sports activity of at least 3 h/ week).
Methods
We assessed the relation of BMI and physical fitness, blood pressure, and lipids in a large-scale population of hyperhealthy young males. Between 1977 and 2002, a total number of 7483 German males of age 18-23 y were screened during primary medical examination for military flying duty at the German Air Force Institute of Aviation Medicine (GAF IAM). Inclusion criteria ('hyperhealthy') for this study were absence of any disease, a BMI below 25 kg/m 2 , status of nonsmoking, absence of regular alcohol intake, and a physical sports activity of at least 3 h/week regularly. In total, 3127 (42%) fulfilled the inclusion criteria.
Physical fitness (determined by physical work capacity, PWC170) was assessed by bicycle ergometry and expressed as the achieved performance (watt) per kilogram body weight at a heart rate of 170 beats/min. 6 Pulmonary function test was performed repeatedly and averaged. 7 To assess the mean value for relative forced expiratory volume in 1 s (%), the mean forced expiratory volume in 1 s (l) was divided by mean vital capacity (l). Body weight and height were measured by calibrated anthropometric scales between 07.00 and 08:00 h before breakfast, after urination, and undressed to calculate BMI by division of weight by height squared (kg/m 2 ). Blood pressure and heart rate were measured manually by trained personnel after 5 min of rest in supine position. A venous blood sample was taken from each individual between 07:00 and 08:00 h after fasting for at least 10 h overnight to determine serum cholesterol and triglycerides concentrations instantly. A standardised, automated, enzymatic, and colorimetric method was applied. 8, 9 The relation between BMI and variables were analysed by a general linear regression model. Furthermore, BMI values were sorted by 10 percentiles and differences of the variables Figure 1 Relation of BMI given in deciles with blood pressure, relative forced expiratory volume in 1 s (relative FEV1), relative physical work capacity (PWC170, watts per kilogram of body weight achieved at a heart rate of 170 beats/min), and serum lipids in a population of 3127 normal weighted males, all with optimised lifestyle (nonsmokers, nondrinking, sports activity of at least 3 h/week) at an age between 18 and 23 y. The mean of each variable with its 95% confidence intervals shown. P-values are given for ANOVA. ANOVA for differences in all tested variables between BMI deciles was for all Po0.0001. There was a significant trend in all tested variables: the lower the BMI was, the more favourable these parameters were.
Discussion
The prevalence of overweight is constantly growing in the Western world. A BMI within the range of 18.5-25 kg/m 2 is considered as normal. Obesity (BMI 430 kg/m 2 ) and underweight (BMIo18.5 kg/m 2 ) were associated with increased mortality in men. 10 However, several lifestyle conditionsFparticularly tobacco use and lack of physical activityFbias these relations. Modest overweight (BMI 425 kg/ m 2 ) predicted cardiovascular disability in a large cohort study in Finland. 11 In the Nurseś Health Study lowest BMI was associated with the lowest mortality in women, thus even very lean women did not have excess mortality. 12 In addition, in nonsmoking and nondrinking men, lowest BMI was associated with lowest mortality. 13 However, other lifestyle conditions such as sedentary lifestyle and absence of sports activity are confounders for the prevalence of cardiovascular risk factors. To prevent cardiovascular diseases, apart from tobacco-use cessation, high physical activity is strongly recommended by international prevention guidelines, health insurance companies and governmental institutions.
14 BMI values might be judged differently in highly active sportsmen, where genetic predisposition could also play an important role. It remains uncertain as to which BMI is optimal concerning the cardiovascular risk profile, if next to other circumstances (nonsmoking, nondrinking) lifestyle is apparently optimised. In this study population with a high average of physical activity (7.58 h/week) low BMI was a strong predictor for high physical fitness, low blood pressure, and low serum lipids. These parameters were all the more favourable, the lower the BMI presented itself. We could not detect a lower threshold, which confirms previously performed studies. 12, 13 New is that even in young, physically highly active men with an obviously optimal lifestyle, a lower BMI is associated with a more favourable risk profile for vascular disease. This population is unique and might be selected for certain genetic factors. Therefore, our findings cannot be generalised with complete assurance. However, these new findings might call into question the prevailing definition of normal weight as a BMI between 18.5 and 25 kg/m 2 , although this has to be shown in an unselected study population. Even for young active sportsmen who abstain from smoking, drinking, and sedentary lifestyle, an optimal upper threshold for BMI might be far below 25 kg/ m 2 concerning their cardiovascular risk profile. Guidelines 14 for primary prevention of cardiovascular diseases might take these findings into consideration.
